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Metformin Is Associated With Survival Benefit in Cancer Patients With
Concurrent Type 2 Diabetes: A Systematic Review and Meta-Analysis
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Learning Objectives Describe the influences of different types of glucose-lowering medications on therapeutic

outcomes of cancer patients who received standard anticancer treatment.

Compare the survival associated with metformin treatment with survival in treatment with other
glucose-lowering medications.

/ABSTRACT

Purpose. Patients with type 2 diabetes have increased cancer
risk and cancer-related mortality, which can be reduced by

Results. We found that there was arelative survival benefit as-
sociated with metformin treatment compared with treat-

metformin treatment. However, it is unclear whether met-
formin can also modulate clinical outcomes in patients with
cancer and concurrent type 2 diabetes.

Patients and Methods. A meta-analysis of 20 publications
that included 13,008 subjects was performed to investigate
the association between metformin and overall survival (OS)
as well as cancer-specific survival (CSS) in patients with cancer
and concurrent type 2 diabetes.

ment with other glucose-lowering medicationsin both OS and
CSS (hazard ratio [HR] = 0.66; 95% confidence interval [Cl]:
0.55-0.79 and HR = 0.62; 95% Cl: 0.46—0.84, respectively).
These associations were also observed in subgroups by cancer
type and country.

Conclusion. These results suggest that metformin is the drug
of choice in the treatment of patients with cancer and concur-
rent type 2 diabetes. The Oncologist 2013;18:1248-1255

Implications for Practice: Patients with type 2 diabetes have increased cancer risk and cancer-related mortality, which can be
reduced by metformin treatment. However, itis unclear whether metformin can also modulate clinical outcomes in patients with
cancer and concurrent type 2 diabetes. Our meta-analysis provided evidence that there was a relative survival benefit associated
with metformin treatment compared with treatment with other glucose-lowering medications. Our results suggest that met-

formin is the drug of choice in the treatment of patients with cancer and concurrent type 2 diabetes.

INTRODUCTION

Patients with cancer and diabetes mellitus are frequently en-
countered in clinical practice. It is estimated that approxi-
mately 8% to 18% of people with cancer have concurrent
diabetes, probably because of the shared risk factors between
the diseases and their increasing global prevalence [1]. There
is epidemiologic evidence supporting a biologic link between
cancer and type 2 diabetes, and there is a significantly higher
cancer incidence and cancer-related mortality in those with
diabetes. Plausible mechanisms of the increased carcinogen-
esis and neoplastic proliferation in those with diabetes could
be multifactorial, including the effect of hyperinsulinemia, hy-
perglycemia, and inflammatory cytokines produced by adi-
pose tissues [2]. It is conceivable that selection of glucose-

controlling agents without the above pathophysiologic effects
may protect against cancer development.

Metformin is one of the most commonly prescribed medica-
tions for the management of type 2 diabetes mellitus. Although
its exact mechanism of action is not fully understood, metformin
treatmentinhibits hepaticgluconeogenesis [3, 4], reducesinsulin
resistance [5], improves glycemic control, and decreases inflam-
matory response [6, 7], thus avoiding the potential tumor-pro-
moting effect. Some in vitro and in vivo studies further
demonstrated that metformin might have directantitumor activ-
ity by inhibiting cancer cell proliferation and colony formation [8,
9], inducing cell cycle arrest and apoptosis [10, 11] and suppress-
ing xenograft tumor growth in mouse models [12, 13]. All these
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characteristics make metformin an ideal drug for cancer preven-
tion compared with insulin and insulin secretagogues in type
2 diabetes treatment. Indeed, results of human observational
studies and meta-analyses suggest that treatment with met-
formin is associated with reduced cancer risk or cancer mortality
compared with other glucose-lowering therapies [14, 15].

Although metformin seems to be a promising cancer preven-
tive medication, it is not clear whether it is also effective in those
with type 2 diabetes and an established cancer diagnosis. Since
2009, a growing number of studies have compared metformin
versus non-metformin treatment on survival outcomes of those
with diabetes in various types of malignancies, including breast,
colorectal, prostate, lung, hepatic, and ovarian cancer. Because
published reports from individual studies are not consistent [16,
17], we performed a systematic review and meta-analysis to as-
sess the association between metformin usage and survival out-
come of patients with concurrent diabetes and cancer.

PATIENTS AND METHODS

Study Selection

We searched Medline and PubMed databases for relevant ar-
ticles published as of July 1, 2013, in English-language litera-
ture using the following terms: metformin, diabetes, cancer,
tumor, and survival. References of the retrieved articles were
further screened for earlier original studies. The inclusion cri-
teria were as follows: solid cancer, cancer and concurrent dia-
betes, cancer histologically or pathologically confirmed, and
overall survival (OS) or cancer-specific survival (CSS) reported
for metformin-and non-metformin-treated patients. The cor-
responding authors were contacted to obtain missing infor-
mation. Abstracts, unpublished reports, and articles not
written in English were excluded.

Data Extraction

We extracted the following information from each published
article: author, year of publication, country of origin, cancer
type, ethnicity, sample size, glucose-lowering medications
given, and follow-up period. We used adjusted Cox propor-
tional hazard ratios (HRs) for the quantitative analysis. If ad-
justed HRs were not available and the corresponding authors
did not respond to our request, the crude HRs were used.
When both adjusted and crude HR data were not available but
appropriate summary statistics or Kaplan-Meier curves were
provided, we calculated HRs and 95% confidence intervals
(Cls) as relevant effect measures using published methods.

Statistical Methods

OS and CSS were evaluated by pooled Cox proportional HRs
and 95% Cls were evaluated using published methods [18] be-
cause a meta-analysis of summary results is statistically as ef-
ficientasajointanalysis ofindividual participant data[19]. We
assessed the between-study heterogeneity by using the Coch-
ran Q test with a significance level of p < .10. We performed
initial analyses with a fixed-effect model and confirmatory
analyses were done with a random-effect model if there was
significant heterogeneity. We used inverted funnel plots and
the Egger’s test to examine the effect of publication bias. A
“trim and fill” method was used to make adjusted estimations
inthe presence of publication bias [20]. All p values were two-
sided, and all analyses were performed using the Stata soft-
ware (StataCorp, College Station, TX, USA http://www.stata.
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com) and Review Manager (v5.0; Oxford, United Kingdom
http://ims.cochrane.org/revman)

RESULTS

Meta-Analysis Database

Figure 1 shows the flow chart of study selection. We identified
210 related publications by initial screening, of which 25 publica-
tions seemed to meet the inclusion criteria. We excluded three
studies [21-23] in which no survival information was reported or
survival information was not obtainable. We further excluded
the study by Lee et al. because it was not written in English [24]
and the study by Koo et al. because it was not conducted in solid
cancer and did not provide survival information in those with
lymphoma and diabetes [25]. The study by Kumar et al. was in-
cludedforanalysis of CSS because it reported only CSSand not OS
[26]. Asaresult, the final data pool consisted of 20 studies, includ-
ing 13,008 patients with cancer and concurrent type 2 diabetes
(Table 1). Among the 20 studies, OS information was available in
19 studies and CSS information was available in 9 studies. Among
the 13,008 patients, 6,343 patients received metformin alone or
in combination with other glucose-lowering regimensandthere-
maining 6,665 patients received non-metformin treatment such
as insulin, sulfonylurea, thiazolidinedione, alpha-glucosidase in-
hibitor, dipeptidyl peptidase-4 inhibitors, amylin analogs, or glu-
cagon-like peptide-1 analogs.

Quantitative Analyses
Overall Survival

As summarized in Figure 2, 19 of the 20 selected articles re-
ported OS. The exception was the study by Kumar et al.,

In a fixed model analysis stratified by cancer type, we
found that metformin was associated with a signifi-
cantly reduced risk for death in those with breast,
prostate, pancreatic, colorectal, and other cancers,
with the exception of lung cancer. In random model
analysis, metformin was associated with a signifi-
cantlyreducedrisk for death in those with pancreatic,
colorectal, and other cancers, and with a nonsignifi-
cantly reduced death risk in those with lung, breast,

and prostate cancer.

which reported only CSS. Our meta-analysis demonstrated
that the administration of metformin to patients with can-
cerandtype 2 diabetes was associated with significantly re-
duced risk for death compared with those who did not
receive metformin (HR = 0.66; 95% Cl: 0.55—-0.79 by ran-
dom effect; p < .001 for heterogeneity; I? = 83%) (Table 2).
The study by Currie etal.included 39.1% of the total patient
population (5,016/12,844) [27], which might dominate the
analysis, and therefore, we performed sensitivity analyses
by excluding one study at a time. After exclusion of the
study by Currie et al. , the pooled HR was not significantly
changed (HR = 0.65; 95% Cl: 0.53—0.79 by random effect;
p < .001 for heterogeneity; I? = 83%). No single study influ-
enced the pooled HRs qualitatively.

Heterogeneity analysis showed that there was substan-
tial between-study heterogeneity among the 19 studies

©AlphaMed Press 2013
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Figure 1. Study flow chart for the process of selecting the final 20 publications.

Abbreviations: OS, overall survival.

Table 1. Characteristics of the studies included in the meta-analysis

Study Year Ethnicity  Country  n(met/non-met) Cancer (o} CSS Median follow-up
Sadeghietal.[30] 2012  Mixed USA 302 (117/185) Pancreatic Y N 11.4 months
Garrettetal.[31] 2012  Mixed UK 424 (208/216) Colorectal Y N 70.7 months
Currie etal.[27] 2012  Mixed UK 5016 (2843/2173) Mixed Y N 19.2 months
Romeroetal.[32] 2012  Mixed USA 44 (16/28) Ovarian Y N 63 months
Heetal.[33] 2012  Mixed USA 154 (88/66) Breast Y Y 47.6 months
Lee etal.[34] 2011  Asian Korea 595 (258/337) Colorectal Y Y 41 months
Bayraktaretal.[35] 2012  Mixed USA 130 (63/67) Breast Y Y 62 months
Tanetal.[17] 2011 Asian China 99 (39/60) NSCLC Y N N/A
Heetal.[36] 2011  Mixed USA 233 (132/101) Prostate Y N N/A
Chenetal.[37] 2011  Asian Taiwan 53 (21/32) Liver Y N 32.2 months
Nakai et al.[38] 2012 Asian Japan 124 (8/116) Pancreatic Y N 9.9 months
Mazzone et al.[16] 2012 Mixed USA 522 (184/338) NSCLC/SCLC Y N N/A

Spratt et al. [39] 2012  Mixed USA 319 (157/162) Prostate Y Y 8.7 years
Hou et al.[40] 2013  Asian China 1013 (419/594) Breast Y N 68 months
Kumar et al.[26] 2012  Mixed USA 164 (61/103) Ovarian N Y 11 years
Spillance etal.[41] 2013  White Ireland 315 (207/108) Colorectal Y Y N/A
Cossoretal.[42] 2013  Mixed USA 212 (84/128) Colorectal Y Y 4.1 years
Kaushik et al.[28] 2013  Mixed USA 885 (323/562) Prostate Y Y 5.1 years
Legaetal.[29] 2013  Mixed Canada 2361 (1094/1267)  Breast Y Y 4.5 years
Sandulacheetal.[43] 2013  Mixed USA 43 (21/22) Larynx Y N N/A

Abbreviations: CSS, cancer-specific survival; met, metformin; non-met, non-metformin; N/A, not available; NSCLC, non-small cell lung cancer; OS,

overall survival; SCLC, small cell lung cancer.

(p < .001 for heterogeneity; I = 83%). The between-study
heterogeneity mainly resulted from the three studies by
Mazzone et al. [16], Kaushik et al. [28], and Lega et al. [29],
exclusion of which did not change the corresponding
pooled HR substantially (metformin vs. non-metformin:
HR = 0.60; 95% Cl: 0.55-0.66 by fixed effects; p = .173 for
heterogeneity; 1> = 25%). We further performed funnel

©AlphaMed Press 2013

plot (Fig.3) and Egger’stest (p = .008), which suggested the
possible presence of publication bias. Using a “trim and fill”
method to make an adjusted estimation of meta-analysis,
we found that metformin was still associated with reduced
death risk in the adjusted analyses (HR = 0.89; 95% Cl:
0.86-0.94 by fixed effects, and HR = 0.74; 95% Cl: 0.62—
0.87 by random effects).
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Hazard Ratio

Hazard Ratio

Study or Subgroup Weight 1V, Random (95% Cl) 1V, Random (95% CI)
Bavraktar 2012 4.2% 0.8210.44,1.521 [
Chen 2011 1.7% 0.24[0.07,0.81]
Cossor 2013 5.2% 0.84[0.51, 1.38] —
Currie 2012 7.6% 0.69[0.57, 0.84] i
Garrett 2012 7.3% 0.60 [0.47, 0.76] I
He 2011 A4.7% 0.55[0.32, 0.96] _
He 2012 4.2% 0.52[.028,0.97] —_—
Hou 2013 6.7% 0.40[0.29, 0.55] —_—
Kaushik 2013 5.4% 1.16 [0.73, 1.85] =
Lee 2011 6.5% 0.66 [0.47, 0.92] g
Lega 2013 8.3% 0.97[0.92,1.02] .
Mazzone 2012 7.3% 1.28 [1.00, 1.64] v
Nakai 2012 2.2% 0.73[0.26, 2.07]
Romero 2012 2.3% 0.43[0.16,1.17] L.
Sedeghi 2012 6.9% 0.64[0.48, 0.86] S
Sandulache 2013 2.2% 0.34[0.12, 0.96]
Spillance 2013 6.4% 0.69 [0.49, 0.97] =
Spratt 2012 5.2% 0.44[0.27,0.72]
Tan 2011 5.6% 0.45[0.29, 0.70]
Total (95% Cl) 100.0% 0.66 [0.55, 0.79] ey

01 02 05 2 5 10

Heterogeneity: Chi-Square = 105.80, df = 18 (p <.00001)
Test for overall effect: Z = 4.56 (p< .00001)

Favors metformin

Favors nonmetformin

Figure 2. Hazard ratios (HRs) of overall survival by metformin versus non-metformin exposure. For each study, the estimates of HR and
95% Cl were plotted with a box and a horizontal line. Closed diamond indicates pooled HR and 95% ClI.
Abbreviations: Cl, confidence interval; df, degrees of freedom.

Table 2. Associations between metformin and overall survival

HR (95% Cl)

Variables Sample Size Fixed Random phet
All cancer 12,829 0.88 (0.85-0.92) 0.66 (0.55-0.79) <.001
Cancer site
Lung 606 1.00 (0.81-1.24) 0.77 (0.28-2.15) <.001
Breast 3,658 0.94 (0.90-0.99) 0.64 (0.37-1.12) <.001
Prostate 1,437 0.68 (0.51-0.90) 0.66 (0.36-1.21) .012
Pancreatic 426 0.65 (0.49-0.86) 0.65 (0.49-0.86) .813
Colorectal 1,546 0.65 (0.56—-0.77) 0.65 (0.56-0.77) .662
Other 140 0.34 (0.18-0.63) 0.34 (0.18-0.63) .767
Country
Asian 1,884 0.49 (0.40-0.60) 0.49 (0.37-0.65) .151
Western 10,945 0.91 (0.87-0.95) 0.73 (0.61-0.87) <.001

Abbreviations: Cl, confidence interval; HR, hazard ratio; phet: p value of the Q test for heterogeneity.

Stratified Analyses

In a fixed model analysis stratified by cancer type, we found
that metformin was associated with a significantly reduced
risk for death in those with breast, prostate, pancreatic, colo-
rectal, and other cancers, with the exception of lung cancer. In
a random model analysis, metformin was associated with a
significantly reduced risk for death in those with pancreatic,
colorectal, and other cancers, and with a nonsignificantly re-
duced death risk in those with lung, breast, and prostate can-
cer (Table 2).

We next performed subgroup analyses by country (Asian
or Western countries). In the subgroup of Asian countries,
metformin was still associated with reduced death risk (HR =
0.49; 95% Cl: 0.40—0.60 by fixed effect; p =.150 for heteroge-
neity; I = 41%). Inthe subgroup of Western countries, the rel-
ative survival benefit associated with metformin remained
(HR = 0.73; 95% CI: 0.61-0.87 by random effect; p < .001 for
heterogeneity; I> = 79%). No publication bias was detected in
the stratified analyses (data not shown).

www.TheOncologist.com

Cancer-Specific Survival A total of nine studies reported
CSS (Table 1). Our meta-analysis showed that metformin ad-
ministration was significantly associated with reduced cancer-
related mortality compared with not receiving metformin
(HR =0.62;95% Cl: 0.46—-0.84 by random effect; p <.001 for
heterogeneity; I° = 79%). Similar results were also obtained in
stratified analysis by cancer type (Table 3). Stratified analyses
by ethnicity were not performed because there were insuffi-
cient data from Asian countries. No publication bias was de-
tected in either the overall study analysis or the stratified
analysis (data not shown).

DISCUSSION

To our knowledge, this is the first and the largest quantitative
analysisto examinethe association between metformintreat-
ment and clinical outcomes of patients with concurrent can-
cerandtype 2 diabetes. Inthis meta-analysis, including 13,008
patients from 20 independently published investigations, we
provided evidence that use of metformin was associated with

©AlphaMed Press 2013
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Figure3. Funnel plotanalysisto detect publication bias. Each circle represents an individual study for the indicated association. Hollow
circles indicate original observation studies; solid circles indicate missing studies by trim and fill method.

Abbreviation: s.e., standard error.

Table 3. Associations between metformin and cancer-specific survival

HR (95% CI)

Variables n Fixed Random phet
All cancer 5,135 0.77 (0.70-0.85) 0.62 (0.46-0.84) <.001
Cancer site
Breast 2,645 0.88 (0.79-0.99) 0.76 (0.53-1.08) 122
Colorectal 1,122 0.66 (0.50-0.87) 0.66 (0.50-0.87) .878
Other 1,368 0.40 (0.30-0.53) 0.47 (0.27-0.81) .073

Abbreviations: Cl, confidence interval; HR, hazard ratio; phet: p value of the Q test for heterogeneity.

improved OS and CSS in the treatment of patients with type 2
diabetes and cancer.

Cancer and diabetes are the second and seventh leading
causes of death in the United States. Type 2 diabetes is the
most common form of diabetes mellitus; more than 90% of
those with diabetes have type 2 diabetes. Certain types of can-
cer were found to occur more commonly in those with diabe-
tes, such as liver, pancreatic, breast, colorectal, bladder, and
endometrial cancer. Prostate cancer seemed to be the excep-
tion, occurring less often in individuals with type 2 diabetes
[44].The biologic link between cancer risk and type 2 diabetes
seemed to be influenced by different types of glucose-lower-
ing agents. For example, insulin and insulin secretagogues
such as sulfonylurea can theoretically stimulate tumor devel-
opment by activating insulin and insulin-like growth factor-1
receptor through hyperinsulinemia. Insulin-sensitizing perox-
isome proliferator-activated receptor agonists such as thiazo-
lidinediones do not increase insulin secretion directly, but
were found to potentiate tumorigenesis in rodent studies
[45]. In contrast, metformin does not carry any inherent tu-
mor-promoting characteristics and showed antitumor activi-
tiesin a substantial number of studies both in vitro and in vivo.
These studies suggested that metformin has multiple tumor-
suppressing mechanisms, including potentiating other anti-
neoplastic agents by downregulation of p38 mitogen-
activated protein kinase signaling [46, 47], inhibition of
protein synthesis by 5" adenosine monophosphate-activated
protein kinase (AMPK)-dependent and AMPK-independent
pathways [3, 48 -50], and alteration of energy metabolism by

©AlphaMed Press 2013

modulating mircoRNA through Dicer and c-myc [51]. Consis-
tent with these findings, human observational studies and re-
lated meta-analyses confirmed that metformin reduced

A cancer-preventive advantage associated with
metformin does not necessarily imply effective
therapeutic efficacy in those with diabetes and es-
tablished cancer. It is unclear whether the use of
metformin could also translate into better clinical
outcomes for patients with cancer who also receive

standard cancer therapy.

cancer incidence and cancer-related mortality in those with
type 2 diabetes compared with sulfonylureas and exogenous
insulin [15, 52]. However, a cancer-preventive advantage as-
sociated with metformin does not necessarily imply effective
therapeutic efficacy in those with diabetes and established
cancer. It is unclear whether the use of metformin could also
translateinto better clinical outcomes for patients with cancer
who also receive standard cancer therapy.

Since 2009, a series of retrospective investigations has re-
ported that metformin might modulate the clinical outcomes
of patients with cancer. Jiralerspongetal. reported athreefold
greater pathologic complete response rate in patients with di-
abetes and breast cancer who received metformin during
neoadjuvant chemotherapy compared with those who did not
receive metformin (odds ratio: 2.95; 95% Cl, 1.07-8.17) [23].
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Several other studies compared survival outcomes between
metformin and non-metformin treatment in patients with
cancerregardless of diabetes status, showing a better survival
in the group who received metformin [34]. More recently, Ku-
mar et al. reported that metformin was associated with signifi-
cantly increased CSS in a cohort of 215 patients with ovarian
cancer who did and did not have diabetes and in a cohort of 164
patients with epithelial ovarian cancer and concurrent type 2 di-
abetes (5-year CSS: 67% [metformin] vs. 43% [insulin] vs. 34%
[other medications]; p = .004) [26]. In the current study, we in-
cluded only patients with concurrent cancer and type 2 diabetes
to highlight the impact of different antidiabetic medications on
cancer prognosis, without involving diabetes itself as a con-
founder. We selected OS and CSS as study endpoints because OS
has been the gold standard for demonstrating clinical benefit of
metformin treatment, and CSS can provide evidence of thera-
peutic efficacy of metformin in cancer treatment.

Atotal of 13,008 patients with cancer and concurrent type 2
diabetes were included in the meta-analysis. Cancer types in-
cluded pancreatic, colorectal, ovarian, breast, prostate, bladder,
liver, larynx, and lung cancer. Compared with non-metformin
treatment, metformin treatment carries a relative OS benefit in
patients with concurrent cancer and type 2 diabetes, with a 34%
reduction of death risk in the metformin-treated group (HR =
0.66; 95% Cl: 0.55—0.79). In stratified analyses by cancer type,
metformin was associated with a significantly reduced death risk
for those with pancreatic, colorectal, and other cancers, and a
nonsignificantly reduced death risk for those with lung, breast,
and prostate cancer. In stratified analyses by country (Asian or
Western countries), the survival benefit remained. Similar results
were obtained in CSS analyses. It is possible that the observed
survival benefitin overall cancer is the result of differencesin the
types of cancer between groups, such as a higher proportion of
pancreatic cancer (a poor prognosis tumor) in the non-met-
formin group versus metformin group. Although we cannot de-
termine the exact proportion of patients with pancreatic cancer
between groups because of a lack of related information in the
study by Currie etal.[27], such a possibility was not supported be-
cause the survival benefit associated with metformin remained
in pancreatic cancer in subgroup analysis, and including or ex-
cluding pancreatic cancer did not significantly change our analy-
sisresultsin overall cancer. We were unable to perform stratified
analyses by ethnicity (Asian or white) because related data were
unavailable. However, stratified analysis by country could be
used as a rough estimation of stratification by ethnicity because
the majority of patient populations in the studies of Western
countries were white, whereas the other studies included pa-
tients of pure East Asian ethnicity (China, Taiwan, Japan, and Ko-
rea).

Itisimportantto note thatthe study by Mazzoneetal.is
the only study showing a significantly increased risk for
death associated with metformin treatment [16], whereas
most of the studies in our data pool, including the other
study performed in lung cancer by Tan et al. [17], favor a
protective effect of metformin. Several possibilities might
explainthe discrepancy. First, some other confounding fac-
tors (e.g., comorbidities, tumor histology) might exist and
bias the analysis results in the study by Mazzone et al. Asan
example, there were more patients with metastatic cancer
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in the metformin-treated group compared with the non-
metformin-treated group. In addition, the study by Tan et
al.included only patients with advanced non-small cell lung
cancer who received chemotherapy, whereas the study by
Mazzone et al. included patients with both small cell and
non-small cell lung cancer irrespective of tumor stage and
treatment received. It is possible that the effect of met-
formin could be tumor specific, and there might be un-
known interactions between metformin and lung cancer
treatment that influenced clinical outcomes of these pa-
tients. Therefore, the associated death risks in the two
studies could both be true findings. Further investigations
are required to address this issue.

Despite our efforts to provide an accurate and compre-
hensive analysis, limitations of our meta-analysis need to
be addressed. First, some data were excluded from our
analysis, which could cause some bias in our estimates, but
was unlikely to change our major conclusions because
nearly all of the excluded studies favored a better clinical
outcome associated with metformin treatment [22-24],
which was consistent with our findings. Second, most of the
included studies were retrospective and differed signifi-
cantly in study design, and additionally, our analysis largely
used adjusted estimates, which were not adjusted by the
same potential confounders in the published studies. We
also used unadjusted estimates for the studies by Tan et al.
and Hou et al. [17, 40] because the authors did not respond
to our data request. All of these factors may have caused
wide and significant heterogeneity among studies. How-
ever, when only unadjusted estimates were used, the con-
clusions were not significantly changed (data not shown).
Third, both the tumor-suppressing activities of metformin
and the tumor-promoting effect of other diabetic medica-
tions may contribute to the relative survival benefit of met-
formin observed in the current study. However, we were
unable to determine the absolute survival benefit because
related data were lacking. Fourth, dividing patients based
on metformin exposure versus non-exposure may be too
simple. Most patients with diabetes are treated with one or
more glucose-lowering medications, with changes in phar-
macotherapy over time. It is extremely difficult to deter-
mine the minimum level of exposure (time and dosage)
required to observe the survival benefit with metformin. A
possible method would be to explore the dose-response re-
lationship in metformin users; however, few studies pro-
vided this information. Finally, there seemed to be
significant publication bias in the literature, as suggested
by the funnel plot and Egger’s test. However, this may be
the small-study effect rather than true publication bias, es-
peciallyinthe presence of significant between-study heter-
ogeneity [53]. We did attempt to adjust our quantitative
analyses by including the missing studies. The trim and fill
method is a statistical method used in meta-analysis that
canunderestimate the true positive effect when thereis no
publication bias, or can give less biased estimates when
publication bias is present [54]. Using this conservative
method, we found that the association between metformin
and increased survival still remained.

©AlphaMed Press 2013
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CONCLUSION

Overall, our meta-analysis demonstrated that metformin could
be the drug of choice in patients with cancer and concurrent type
2 diabetes if there are no contraindications because it was asso-
ciated with increased OS and CSS compared with other diabetic
medications. Future prospective studies with larger sample sizes
and alternate study design are required to confirm our findings.
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